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INERTIA SWITCH AND FLASHING LIGHT SYSTEM 
FIELD OF THE INVENTION 

[0001] The invention relates to the field of inertia switches, frequently used in 
5 flashing light systems which are assembled as a part of footwear, personal 

accessories, and other articles of clothing. The wearer of the footwear or other 
article begins a sequence of flashing lights by moving, for instance, by walking or 
running. The lights begin flashing in one or more sequences, adding interest and 
fun to the sport or activity in which the wearer is engaged. 

10 BACKGROUND 

[0002] The present invention is directed to inertia or motion switches and the 
flashing light systems in which such switches may often be used. Flashing light 
systems typically have a housing or case, a power supply, such as a battery, a 
control circuit, and one or more lamps. The lamps may be incandescent lamps or 

15 may be light-emitting diodes (LEDs), or any other types of lamps. The control 

circuit may be an integrated circuit or other control device that is used to turn the 
lamps on and off. A switch is necessary to activate the flashing light system. 
[0003] Included in the many types of switches used in the prior art are mercury 
switches, now recognized as dangerous, such as those depicted in U.S. Pat. No. 

20 4,848,009. An inertia switch requiring a hinge, a hinge arm, and a weight may be 

used, as depicted in U.S. Pat No. 5,477,435. This switch appears to be useful for 
activating only one or two LEDs at a time, as opposed to more than one LED, or a 
series of separated LEDs. Touch switches may be used, requiring a user to press 
or touch a switch to activate the flashing light system, as demonstrated in U.S. Pat. 

25 No. 6,525,487. This type of switch detracts from the enjoyment of the flashing 

light system, because the user must constantly press the switch in order to begin a 
flashing sequence. Because of these deficiencies in the prior art, better inertia 
switches are required. These switches are useful in a variety of applications, 
including flashing light systems in footwear, flashing light systems that may be 
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assembled into a variety of personal accessories or clothing type items, and used in 
many other ways. 

BRIEF SUMMARY 

[0004] One aspect of the invention is an inertia switch comprising a first 
5 conductive spring and a second, smaller conductive spring held within the first 

spring. The switch also comprises a first contact connected to the first spring and 
a second contact connected to the second spring, and an insulating directional 
regulator having an axial extension for only a portion of its circumference, the 
insulating directional regulator held between the first and second springs. 

10 Another aspect of the invention is a method of controlling a flashing light system, 

the method comprising mounting a first conductive spring inside a second 
conductive spring, and placing an insulating directional regulator having an axial 
extension for only a portion of its circumference between the conductive springs to 
form an inertia switch for a flashing light system. The method also comprises 

15 activating the flashing light system by causing motion of at least one spring in the 

inertia switch. 

[0005] Another aspect of the invention is an inertia switch comprising a first 
coil spring having a first diameter and mounted on a first contact and a second coil 
spring having a second diameter mounted on a second contact, the coil springs 

20 each being electrically conductive. The inertia switch also comprises an insulating 

housing mounting the first and second contacts and separating the first contact and 
the second contact by a fixed distance, wherein the distance is between the sum of 
the first and second diameters and one-half the sum of the first and second 
diameters. Another aspect of the invention is a method of controlling a flashing 

25 light system, the method comprising placing a first contact inside a first 

electrically conductive coil spring, and placing a second contact inside a second 
electrically conductive coil spring. The method also comprises mounting the first 
contact and first spring and the second contact and second spring inside an 
electrically insulating housing, wherein the first contact and second contact are 

30 separated by a fixed distance between the sum of the first and second diameters 
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and one-half the sum of the first and second diameters, to form an inertia switch 
for a flashing light system, and activating the flashing light system by causing 
motion of at least one spring in the inertia switch. 

[0006] Another aspect of the invention is an inertia switch comprising an 
5 insulating housing, a first contact maintained at a fixed position at a proximal end 

of the housing, and a conductive leaf spring and a second contact, the second 
contact maintained at a fixed position at a distal end of the spring within the 
housing. The inertia switch also comprises a conductive mass mounted on the 
spring near the first contact, wherein the switch is normally open and is closed by 
1 0 motion of a user flexing the leaf spring, causing the mass to contact the first 

contact. 

[0007] Another aspect of the invention is an inertia switch comprising an 
insulating housing and a first and a second contact mounted side by side in the 
housing. The inertia switch also comprises a first magnet mounted to the housing, 

1 5 and a second magnet disposed within the housing, the first magnet and the second 

magnet opposed by a repulsive force between the magnets, wherein the switch is 
normally open and motion of the user causes the second magnet to move, 
contacting both contacts and closing the switch. Another aspect of the invention is 
a method of controlling a flashing light system, the method comprising mounting 

20 two conductors side by side in an insulating housing and placing a first magnet 

and a second magnet in the housing, the first magnet and the second magnet 
opposed by a repulsive force between the magnets, to form an inertia switch for a 
flashing light system. The method also comprises closing the inertia switch 
through motion of a user, causing the first magnet to contact both contacts 

25 simultaneously and activate the flashing light system. 

[0008] Other systems, methods, features, and advantages of the invention will 
be or will become apparent to one skilled in the art upon examination of the 
following figures and detailed description. All such additional systems, methods, 
features, and advantages are intended to be included within this description, within 

30 the scope of the invention, and protected by the accompanying claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Fig. 1 is a schematic diagram of a flashing light system in which inertia 
switches of the present invention are useful; 

[0010] Fig. 2 is a schematic diagram of a second flashing light system in which 
5 inertia switches of the present invention are useful; 

[0011] Fig. 3 is a schematic diagram of another embodiment of a flashing light 

system in which inertia switches of the present invention are useful; 

[0012] Fig. 4 is an exploded perspective view of a first embodiment of an 

inertia switch useful in a flashing light system; 
10 [0013] Fig. 5 is a cross-sectional view of the embodiment of Fig. 4; 

[0014] Fig. 6 is a cross-sectional view of another embodiment of an improved 

inertia switch similar to the embodiment of Figs. 4 and 5; 

[0015] Fig. 7 is a perspective, exploded view of another embodiment of an 

inertia switch useful in flashing light systems; 
15 [0016] Fig. 8 is a cross-sectional view of the embodiment of Fig. 7; 

[0017] Fig. 9 is an exploded view of another embodiment of an inertia switch 

useful in flashing light systems; 

[0018] Fig. 10 is an end cross-sectional view of another embodiment; 
[0019] Fig. 1 1 is a side cross-sectional view of the embodiment of Fig. 9; 
20 [0020] Fig. 12 is a perspective, exploded view of another embodiment of an 

inertia switch useful in flashing light systems; 

[0021] Fig. 13 presents a detailed perspective view of a component of the 
embodiment of Fig. 12; 

[0022] Fig. 14 is a partial cross-section of the embodiment of Fig. 12; and 
25 [0023] Fig. 15 is a schematic end view of the embodiment of Figs. 12-14. 

[0024] Figs. 16-21 depict embodiments of articles using illumination systems 
with improved inertia switches. 
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DETAILED DESCRIPTION OF THE DRAWINGS AND THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0025] Flashing light systems are used in footwear and other articles of 
clothing to add sparkle and interest, to enhance safety of the user, and to make 
5 physical activity fun. These activities may include walking, running, dancing or 

other sports. While shoes and footwear are the most popular applications for 
flashing light systems, such systems may also be used in other articles of clothing 
or accessories worn by people. These may include belts, back-packs, vests, safety- 
vests, hair clasps, hair clips, and the like. 

10 [0026] Flashing light systems are typically actuated by a switch, such as a 

touch switch, a toggle switch, or an inertia switch. A flashing light system 10 is 
depicted in Fig. 1. Flashing light system 10 includes an integrated circuit 1 1, an 
inertia switch 21, a voltage source VI, and an oscillator resistor 15. The system 
depicted also has an output 16, a current- limiting resistor 17, and three LEDs 18 

15 connected to the integrated circuit. The voltage source VI and the ground shown 

may be the anode and cathode of a battery. The pattern of illumination, of one or 
more of the LEDs, may be changed by clocking the flashing light system by 
repeatedly closing and opening inertia switch 21 . 

[0027] The flashing light system depicted in Fig. 1 may be used in footwear or 
20 other articles. A user activates flashing light system 10 by tripping inertia switch 

21. This completes the circuit to ground between power supply VI and LEDs 18. 
The circuit may include transistors or other gates made as a part of integrated 
circuit or controller 1 1 to control the illumination of the LEDs. Power supply VI 
is typically connected to the anodes of LEDs 18 through current-limiting resistor 
25 17 between output 16 and circuits OUT1, OUT2, OUT3 connected to the cathodes 

of LEDs 18. Controller 1 1 may also have a control resistor 15. Other aspects and 
details of flashing light systems are detailed in co-pending patent applications 
10/235,880, filed September 4, 2002, entitled Article with Flashing Lights, and 
10/370,209, filed February 18, 2003, entitled Flashing Light Systems with Power 
30 Selection. Controller 1 1 may be an integrated circuit, such as MC14017BCP, 

CD4107AF, made by many manufacturers, or may be a custom or application 
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specific integrated circuit, or may be a CMOS circuit, such as a CMOS 8560 
circuit. Other examples include Ml 320 and Ml 389 RC integrated circuits are 
made by MOSdesign Semiconductor Corp., Taipei, Taiwan. Another example is a 
controller made with CMOS technology, such as model EM78P153S, made by 
5 EMC Corp., Taipei, Taiwan. 

[0028] A more complex circuit for a flashing light system is depicted in Fig. 2. 
Flashing light system 20 includes a battery 12, LEDs 18, an inertia switch 21, a 
touch switch 22, a triggering circuit 42, a pulse generating circuit 41, flash driver 
43, resistors 45, 46, and an output controller or decade counter 28. There may also 

10 be a toggle switch 23. This circuit connects the LEDs 18 by means of secondary 

control transistors 31,33, 35 through primary control transistors 39 and 47. The 
circuit includes flash driver 43 and its oscillator resistor 44, providing a clock 
signal to the pulse generating circuit 41 and the output controller 28. In addition, 
a control circuit is provided by means of an RC circuit 49 (in dashed lines), 

15 including resistor 49a and capacitor 49b. If the inertia switch is closed for a period 

of time, or for several short periods, capacitor 49b charges. The LEDs illuminate 
until the inertia switch opens. When the switch opens, the charge on the capacitor 
enables one of more of LEDs 18 to continue to illuminate. Decade counter 28 
may be an integrated circuit, such as an MC14017BCP, CD4107AF, made by 

20 many manufacturers, or may be a custom or application specific integrated circuit, 

or may be a CMOS circuit. Quad NOR gate 41 may be a CD4001 quad NOR 
gate, made by many manufacturers, or a similar product. Flash drive 43 may be 
one of several possible circuits, as outlined above for Fig. 1 . 
[0029] The triggering circuit 42 (in dashed lines) includes switches 21, 22, 

25 primary control transistor 47, capacitor 42a and resistor 42b. The emitter of 

primary control transistor 47 connects to the positive terminal of battery 12, while 
the collector of primary control transistor 47 is connected to resistor 48. As the 
voltage across resistor 48 and capacitor 42a rises, flash driver 43 receives a signal 
from triggering circuit 42 and generates output signals to the pulse generating 

30 circuit 41 through its outputs OUT1, OUT2 and OUT3. Decade counter 28 

enables secondary control transistors 3 1, 33, 35, each turning on an LED, and 



-7- 



enabling them to flash in desired patterns or sequences. Flash driver 43 or system 
20 may also include a memory for storing patterns of flashing. Primary control 
transistor 39 acts as a switch, connected with its collector to the emitters of the 
LEDs 18 and with its emitter to the negative terminal of the power supply 12. 
5 Control resistor 37 limits the voltage to the gate of transistor 39 from pulse- 

generating circuit 4 1 . 

[0030] Fig. 3 depicts another embodiment of a system using an inertia switch 
to flash lights. Fig. 3 is a block diagram of a system 30 for selecting a power or 
voltage level to LEDs 59a and 59b using a decade counter 53 and a second decade 

10 counter 54. In a preferred embodiment, the decade counters are CD4017 

integrated circuits, available from several manufacturers. In Fig. 3, there is a 
power supply 51 comprising a 3V battery 51a connected in series with two 1.5V 
batteries 51b and 51c. As shown in Fig. 3, a first voltage, such as 3V, is routed to 
pin 16 of decade counter 54 for control power, and a second voltage, which may 

15 be 3V, is also routed to a voltage supply transistor 54b and to a pin labeled VI . In 

the illustrated embodiment, the first voltage and the second voltage are 
substantially 3V. Other voltages may be used in other embodiments. 
[0031] The other voltages from power supply 5 1 are also routed to other 
voltage supply transistors 54b. The voltages available from the collectors of 

20 supply transistors 54b are thus 3V, 4.5V and 6V, less a small voltage drop across 

the transistors themselves. Thus, the voltages at pins VI, V2, V3 and V4, in one 
example of this embodiment, are 3V, 3V, 4.5V and 6V. Other voltages may be 
used, with V2 and V3 preferably being different voltages. 
[0032] The supply transistors 54b are controlled by control transistors 54a, 

25 connected to decade counter 54 through control resistors 54c, as shown. Power is 

routed from the upper VI -V4 pins connected to decade counter 54 to lower VI -V4 
pins connected to the decade counter 53. Connections may be made by traces on a 
printed circuit board, or any other convenient method. 

[0033] The system 30 is controlled by a switch 21, which may be an inertia 
30 switch, or may be a touch switch or a toggle switch, or other suitable switch. 

Switch 21 completes a circuit with primary gate or primary control transistor 57a 
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through resistor 55. There is also a control circuit 56 with a capacitor 56a and a 
resistor 56b. Decade counter 53 receives voltage VI at pin 16 and is otherwise 
connected as shown in Fig. 3. The circuit also includes secondary control 
transistor or gate 57b and current-limiting resistor 57c connected to the cathodes 
5 of LEDs 59a, 59b. In this embodiment, the anode of LED 59a is connected to the 

emitters of two secondary control transistors 53a and 53b, one of which connects 
to voltage V2 and the other of which connects to voltage V3. Thus, if decade 
counter 53 turns on transistor 53a, connected to V2, LED 59a will receive about 
3 V. However, if decade counter 53 turns on transistor 53b, connected to V3, then 

10 LED 59a will receive 4.5 volts. If decade counter 53 turns on transistor 53c, LED 

59b will receive voltage V4, in this example about 6V. In this embodiment, 
transistors 53a, 53b and 53c are turned on when sufficient base current and base- 
emitter voltage are provided to place the devices in a forward conducting state. 
[0034] A user activates switch 21 and the flashing light system either by 

1 5 touching a touch switch, or activating an inertia switch, for instance, by walking or 

running. The control circuit 56 is then activated by charging capacitor 56a and 
turning on primary gate or primary control transistor 57a. Decade counters 53 and 
54 are activated, and at least one LED will light up for a period of time until 
capacitor 56a is discharged. Decade counter 54 will turn on transistor 57b, while 

20 decade counter 53 will turn on secondary control transistors or gates 53a, 53b and 

53c to flash LEDs 59a and 59b. In this example, it will be understood that more 
LEDs may also be connected, some with more than one power level such as LED 
59a, and some LEDs may be connected only to a single power level, as shown 
with LED 59b. The system may then cause the LEDs to flash in a sequence. The 

25 LEDs may receive a greater voltage and illuminate more brightly, or a lesser 

voltage and illuminate less brightly. Of course, some LEDs may be designed for a 
higher voltage and used in the circuit depicted in Fig. 3, while other LEDs may be 
designed for a lower voltage. 

[0035] An improved inertia switch with magnets may be used in the flashing 
30 light systems described above. Fig. 4 depicts one such inertia switch 60, which 

includes a nonconductive housing 61, a nonconductive top cover 62 for the 
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housing, an upper magnet 64 and a lower magnet 65, and two contacts 66, 67. The 
narrower portions 66a, 67a, of the contacts protrude through the housing and may 
be soldered to make external connections to a flashing light system. Fig. 5 depicts 
a cross-section of the assembled switch 60. The two magnets are held with similar 
5 poles facing, such as N-N or S-S, for a repulsive effect. Preferably upper magnet 

64 disposed in cavity 63 has a greater mass or is larger in size than lower magnet 
65. Magnet 64 slides up and down in cavity 63 in response to inertial forces to 
activate the switch. An inertia switch 60, oriented as shown in Fig. 5 with the 
upper magnet held in repulsion from contacts 66, 67 by lower magnet 65, is 

10 assembled into a flashing light system, such as those described in Figs. 1-3. When 

a user walks or moves, inertia may cause the mass of upper magnet 64 to move 
downward, overcoming the repulsive force of lower magnet 65, and contacting 
contacts 66 and 67. Magnet 64 is electrically conductive, and may also be plated 
or otherwise treated to enhance its conductivity. Contacts 66 and 67 are thus 

15 closed when contacted by magnet 64, acting as an inertia switch and activating a 

flashing light system of which it is a part. In one embodiment, the magnets are 4 
mm (about 0.16 inches) in diameter and are about 2.7 mm (about 0.1 1 inches) 
high. The housing is about 13 mm (about 0.51 inches) long, about 6 mm (about 
0.24 inches) wide, and about 7 mm (about 0.28 inches) high. The boxy, 

20 rectangular shape of the housing is not required, but is convenient for 

manufacturing and installation. Other configurations, such as round, ovate or 
other shapes, may also be used. The extra cavities lighten the mass of the switch. 
[0036] Another embodiment of an inertia switch 50 is depicted in Fig. 6. 
Improved inertia switch 50 is very similar to inertia switch 60 depicted in Figs. 4- 

25 5. Inertia switch 50 has an electrically nonconductive or insulating upper housing 

68, nonconductive or insulating lower housing 69, upper magnet 64, lower magnet 
65, and contacts 66, 67. In this embodiment, a mass or weight 63 is also added to 
upper magnet 64. In this way, the sensitivity of the magnetic switch may be 
adjusted. For example, if the weight of weight 63 increases, the sensitivity of the 

30 switch increases. Weight 63 may be any useful material, conductive or 

nonconductive. Steel or iron will work well as a weight in the application. 
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[0037] Another inertia spring switch is depicted in Figs. 7 and 8. The switch 
90 includes a nonconductive housing 91 and nonconductive cap 92. The switch 
also includes a conductive spring 93 with a first contact 93a, a conductor 94 with 
a second contact 94a, and a mass or weight 95. Spring 93 and first contact 93a 
may be integral, such as by being formed from a stamping, or they may be 
separate pieces that are made and subsequently joined, as by soldering or welding. 
Weight 95 is also made of a conductive material. Thus, the assembly of spring 93, 
contact 93a, and weight 95 is also conductive. Any of these parts, such as 
conductor 94 and contact 94a, or the assembled version of spring 93, contact 93a 
and weight 95 may be plated or otherwise treated to enhance conductivity or 
resistance to corrosion. 

[0038] Contacts 93a, 94a protrude through slots 92a in cap 92 and are soldered 
or otherwise assembled to a flashing light system to act as an inertia switch for the 
system. Fig. 8 depicts a cross-sectional view of switch 90, in which spring 93 is 
arranged so that weight 95 is suspended above conductor 94. When a user moves, 
weight 95 will move downwardly from the force of inertia, and will make contact 
with conductor 94. This closes the switch between contacts 93 a, 94a, activating 
the flashing light system of which the switch is a part. In a preferred embodiment, 
the housing is about 17 mm (0.67 inches) long, about 5 mm (0.20 inches) wide, 
and about 5 mm (0.20 inches) high. In one embodiment, the weight is about 0.05 
g. The amount of weight or mass of weight 95 and the length and flexural 
stiffness of spring 93 will determine the relative sensitivity of the switch. In use, 
as depicted in Fig. 8, the weight or mass 95 will move up and down, in the 
directions of the arrows, and face 95 a of the mass will make electrical contact with 
contact 95a to close the inertia switch. 

[0039] Another embodiment of an inertia switch uses a double-spring 
arrangement, as depicted in Figs. 9-11. The switch 100 includes a non-conductive 
or insulating housing 101 and cover 102, two conductive springs 103, 106, and 
two conductive rods 104, 105, each with an electrical contact 104a, 105a, on an 
end of the rod. Housing 101 has two slots 107 into which the non-contact end of 
rods 104, 105 fit. The housing also has two openings 108 through which contacts 
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104a, 105a protrude. After assembly of the switch itself, the switch is assembled 
by soldering or brazing the contacts 104a, 105a, into a flashing light system or 
other application. Other methods of assembly into a flashing light system may 
also be used, such as by press fitting or wave-soldering. When a user walks or 
5 moves, the springs jostle up and down on the rods, swinging up and down and side 

to side. When the springs contact each other, an electrical circuit is closed. 
[0040] Fig. 1 1 is a cross-sectional side view of the switch, showing one way to 
assemble spring 103 and rod 104. Spring 103 is assembled onto rod 104 and 
inserted into housing 101. As shown in Fig. 9, there is a slot 107 at either end of 

10 the housing, into which slot the non-contact end of rod 104 fits; the contact end 

104a protrudes through an opening 108 of housing 101. When the switch is at 
rest, the spring hangs down from the rod, as shown in Figs. 10-11. The relative 
stiffness of the springs, axial or flexural, will not greatly affect the sensitivity of 
the switch depicted in Figs. 9-11. Instead, the diameters of the rods and the 

15 springs, and the separation between the springs may have a greater effect on 

performance and sensitivity of the switch. 

[0041] The springs and rods are assembled side-by-side in the housing, as 
shown in an end cross-section of a slightly different embodiment in Fig. 10. 
Inertia switch 1 10 comprises a nonconductive housing 111 and a nonconductive 

20 housing top 112. In this embodiment, housing top 1 12 has a boss 97 extending 

downwardly between the two springs and rods. This may help to prevent 
inadvertent contact between the springs in some instances. As shown in Fig. 10, 
springs 103, 106 may be coil springs, the coils having equal pitch and equal 
diameter d. The separation S between the centers of the springs must be at least 

25 one diameter d, otherwise the springs will be in constant contact, and the battery 

will wear out. On the other hand, if the springs are separated by a distance of 
twice the diameter or greater, they will never be in contact. 
[0042] It has been found therefore, that the switch works better if the springs 
are separated in the housing by a distance greater than one diameter but less than 

30 two diameters. In a preferred embodiment, the springs are about 2mm (0.08 

inches) diameter and are separated by a little more than 2 mm (0.08 inches). If the 
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springs are of different diameters, then the minimum separation is just more than 
one-half the sum of the two diameters, so that in the steady state the springs are 
not in contact; the maximum separation is just less than the sum of the two 
diameters. With these distances, coils can be brought into contact with vigorous 
shaking of the switch, caused by vigorous motion or movement by a person 
wearing shoes or another article into which the flashing light system and inertia 
switch is assembled. 

[0043] While this embodiment features contacts 104a, 105a at opposite ends of 
the switch, other embodiments may also use two springs and rods, wherein the 
contacts are on the same side or end of the switch. Other designs may forego the 
use of springs in favor of thin solid or perforated cylinders of metal. Because the 
springs need only jostle and bounce as a whole, rather than bend or flex, cylinders 
will perform well in the application, as an insubstantial difference from the coil 
springs described above. All such designs are equivalents to the embodiment of 
Figs. 9-11. There are other equivalents as well. 

[0044] Another double-spring inertia switch 120 is depicted in Figs. 12-15. 
The switch comprises an insulating housing 121 and insulating housing closure 

122. The switch also comprises a smaller coil spring 124 and a larger coil spring 

123, separated by an insulating directional sensing regulator 125. Regulator 125 
has an elongated portion 125b for a portion of its outer circumference. The switch 
also has first contact 126 soldered to large spring 123, first contact 126 having an 
elongated portion 126a for connecting or assembling to an outside electrical circuit 
in which switch 120 is used. Switch 120 has a second contact 127 soldered to 
small spring 124. Second contact 127 has an elongated portion 127a for also 
connecting or assembling to a circuit in which switch 120 is used. 

[0045] A closer view of directional regulator 125 is seen in Fig. 13. Regulator 
125 has a distal portion 125b longer than the remainder of the regulator, for a 
portion of its circumference, in this figure the portion portrayed as an angle 0. 
Thus, a portion of the circumference is elongated more than the remainder of the 
regulator. In one embodiment, the angle 9 is about 25 degrees, and the elongation 
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is about 5mm (0.20 inches) on a regulator with an overall length of about 9 mm 
(0.35 inches). 

[0046] A partial cross-section of an assembled switch 120 is depicted in Fig. 
14. Inner spring 124 is soldered to contact 127 and is located on a shelf 121a of 
housing 121. Small spring 124 is assembled inside regulator 125 which itself is 
assembled inside large spring 123. Large spring 123 is soldered to contact 126. A 
portion of contact 126 is not shown in cross-section for clarity in Fig. 14. 
Elongated portions 126a, 127a of the contacts extend to the top of housing 121 just 
under housing closure 122. Other methods of assembly besides soldering may be 
used; for instance, contact 126 may be simply compressed against spring 123 
without soldering, or may be adhered to spring 123 with an adhesive. 
[0047] In Fig. 14, regulator 125 is assembled with elongated portion 125b on 
top. This will prevent large spring 123 from contacting small spring 121 on a 
down-stroke, for instance, when large spring 123 moves downwardly. Note also 
that the cross section of regulator 125 is not necessarily uniform: the portion of 
regulator 125 on the bottom side of Fig. 14 is thicker than the portion of regulator 
125 that is on the top side of Fig. 14. Note further, that as assembled in Fig. 14, it 
will not be possible for large spring 123 to move downwardly to contact inner 
spring 124, because the top surface of the bottom of housing 121 prevents almost 
all downward movement of large spring 123. However, large spring 123 can 
move upwardly because there is more clearance toward the top of housing 121. 
Thus, the walls of a portion of the regulator may be different, thicker or thinner, 
than the remainder of the walls of the regulator. The regulator is thus seen to be 
directional, i.e., its effect varies with its orientation in the switch. The switch in 
Fig. 14 is preferably installed upside-down from the view seen in the figure, with 
housing 121 on top and closure 122 on the bottom. 

[0048] The touching of the two springs is thus controlled in several ways: the 
diameters of the springs, especially the large spring, the clearance between the 
outside of the spring and the top or bottom of the housing, as well as the length 
(left and right in Fig. 14, the extension of the coils of the spring) of spring 
available for extension and thus possible radial movement for contact with the 
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small spring. Also controlling the contact is the upper and lower thickness of the 
regulator, as well as the length and circumferential extent (such as measured by an 
angle) of the regulator extension 125b. Note that large spring 123 is constrained in 
its movements by housing 121, large contact 126, and regulator 125 and extension 
125b. Note also that as shown in Fig. 14, the movement of small spring 124 is 
constrained by contact 127, regulator 125, and shelf 121a of housing 121. Other 
embodiments may allow more movement of small spring 124 or large spring 123. 
[0049] Inertia switch 120 is thus seen to have several variables which may be 
used to regulate contact between the springs, including the diameter and length of 
the springs, relative to one another and to the size and proportion of the directional 
regulator. Another way to control the contact is to rotate the regulator. So long as 
the circumferential extension is somewhat less than 360 degrees, switch 120 can 
thus be sensitive to the angular orientation of the regulator. Switch 120 is thus a 
directional sensing switch, with the switch sensitive to movement of at least one 
spring in the direction opposite to the orientation of an extension of regulator 125. 
[0050] In addition to designing the orientation of the regulator, the thickness in 
one or more areas of the regulator, and the height of the shelf in the housing, may 
all be used to regulate the performance of inertia switch 120. The thickness of the 
regular may thus be used to control the radial separation of the springs from one 
another. In addition, the flexural stiffness and length of the springs in comparison 
to the regulator will determine the relative sensitivity of switch 120. Yet another 
way is to control the distance of both the larger and smaller spring from the 
housing and the closure. Yet another way is to control the distance either or both 
springs extend from the support shelf 121a of the regulator, if any. Either spring 
may thus be designed to have a greater freedom of movement or a lesser freedom 
of movement, to spring about to a greater or a lesser extent as a user moves and 
walks. 

[0051] Fig. 15 depicts an end view of the springs, denoting an additional 
variable that may be helpful in designing a directional spring switch. Larger 
spring 123 is centered on center 129, while smaller spring 124 is centered on 
center 128, and the two centers are not identical. In other embodiments, the 
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springs may be concentric. The regulator may be concentric with the springs or 
may not be concentric. 

[0052] There are many applications for illuminating systems using inertia 
switches as described above. Such illuminating systems may be used on a variety 
of personal clothing and accessories. Figs. 16-21 depict a few of these 
accessories, including Fig. 16, with a shoe 161 that incorporates the illuminating 
system 162 with LEDs 163, and having an inertial switch 164 and a touch switch 
165. Either switch may be used to initiate or to change illumination patterns, as 
described above. The system also includes a toggle switch 166 for disconnecting 
the power supply (internal 3 V battery) from the circuit. Fig. 17 depicts another 
application, using an LED in each of a plurality of hair clips for a woman. 
Illumination system 170 includes a system power and control portion 171 and an 
inertia switch 1 72 for turning the systems and LEDs on. The system includes a 
plurality of connector elements 173 connecting system controls 171 with LEDs 
174 on hair clips 175. The control system may also have a toggle switch 176 to 
disconnect the battery from the rest of the circuit, conserving power. 
[0053] Fig. 18 depicts another application, a back pack 180 with straps 182 for 
displaying a plurality of flashing LEDs. In this application, the illumination 
system 184 includes a power and control portion 185, an inertia switch 186 for 
turning the system on and off, and a series of two-color (red/green) three-lead 
LEDs 187 on the straps of the backpack. The system power and control portion 
185 may be contained in the top flap of the backpack. In this application, the 
control system may be programmed to alternate red-color LEDs on the left side 
with red-color LEDs or green-color LEDs on the right side, or vice-versa, in 
sequence. Of course, two-color LEDs in other colors may also be used, any colors 
commercially available, and there is no intention to limit this application to two- 
color LEDs alone. Single-color LEDs may also be used. This is also a good 
application for in-phase illuminating, in which the LEDs closest to the pack are 
illuminated, and then the middle pair, and finally the pair farthest away form the 
back pack, and so on. Other sequences or random flashing may also be used. 
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[0054] Other accessories which may desirably employ embodiments of a 
flashing light system include the hairpiece of Fig. 19, a belt, as shown in Fig. 20, 
and a garment, such as a safety vest for a highway construction worker, shown in 
Fig. 21. The hairpiece 190 is desirably made of plastic in an attractive and stylish 
fashion. There may be niches in the underside of the piece to accommodate the 
power and control portion 192, including an inertia switch (not shown) of the 
illuminating system 191 . It may also be convenient to mold in at least one niche 
for a control switch 193 for a user to control the illumination or flashing patterns 
of the system 191. The LEDs 194 are then displayed on the top-side of the hair 
piece for decorative and stylistic purposes. A belt 200 may also incorporate a 
system 201 of flashing lights 203. In this application, the belt has a small space on 
its underside for attachment of the control system 202 (including an inertia switch) 
and power supply 204. The LEDs 203 are also strung on the underside and 
protrude through to the outside of the belt. Fig. 2 1 depicts a highway worker 
wearing a safety vest with a flashing light system 210, including control and 
power supply portions 212 and a pattern of lights 214 in the shape of a large "X" 
on the vest. Other garments may also be equipped with a flashing light system, 
such as a coat, a pair of pants, or a protective suit. Any of these circuits may 
incorporate the features discussed above, including bi-color LEDs, a toggle-switch 
to turn off the circuit, and an inertia switch to increment and control the flashing. 
[0055] The above descriptions demonstrate that the new inertia switches may 
take on a variety of forms. The switches may be made in many configurations, 
allowing a designer freedom in designing and configuring the switches. The 
switches may be manufactured and installed to take advantage of directional 
sensitivity, and may also be assembled with a variety of techniques. These inertia 
switches are small and may be designed for the amount of current or voltage 
carrying capacity needed by selecting appropriate materials and thicknesses for 
current or voltage paths. These switches thus enable better flashing light systems, 
adding to the interest, fun, and safety of physical activity and exercise when using 
footwear or other personal accessories with flashing light systems. 
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[0056] It is intended that the foregoing detailed description be regarded as 
illustrative rather than limiting, and that it be understood that it is the following 
claims, including all equivalents, that are intended to define the spirit and scope of 
this invention. Any of the several improvements may be used in combination with 
other features, whether or not explicitly described as such. Other embodiments are 
possible within the scope of this invention and will be apparent to those of 
ordinary skill in the art. For instance, while some circuits have been described 
using single-color LEDs, bi-color or tri-color LEDs may also be used. While 
many of the circuits are useful in flashing light systems with a single battery or 
voltage source, more than one battery may be used, such as two or even three 
batteries, acting alone as voltage sources or connected in series for a higher 
voltage. Therefore, the invention is not limited to the specific details, 
representative embodiments, and illustrated examples in this description. 
Accordingly, the invention is not to be restricted except in light as necessitated by 
the accompanying claims and their equivalents. 



